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Abstract 
Scientific research on assessing the role of new Information and Communication Technologies (I.C.T.) in the potentiation of the 
didactical methodologies applied in the study of biological disciplines has taken place over several years of research, from 2006 
to the present. Have been identificate functions and ways of implementing them in teaching biological sciences, such as 
electronics simulations and modeling, computer presentations, use of the Internet, the whole range of multimedia techniques. 
Have been discovered advantages and limitations / disadvantages of using information and communication techniques applied in 
teaching biology and efficiency solutions in the application of these teaching techniques. 
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1. Paper Rationale 
    The beginning of the first century of the third millennium is marked by a Knowledge Society, about that spoken 
and the World Report 2005 of United Nations Educational, Scientific and Cultural Organization (U.N.E.S.C.O.)  
that addresses the definition, content and future of knowledge societies. “Every society has its own knowledge 
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assets. It is therefore necessary to work towards connecting the forms of knowledge that societies already possess 
and the new forms of development, acquisition and spread of knowledge valued by the knowledge economy model. 
The idea of the information society is based on technological breakthroughs.” (U.N.E.S.C.O., 2005) What is needed 
first is the extraordinary dynamism of cognition, and thus dynamism of culture, and inevitably, the development of 
education. Through the transmission of a part of the social-historical experience of mankind, the values of science, 
the education assumes the noble mission to uplift the theoretical edifice of human being in the making. It is an 
education that tends to focus obviously on: “...the four pillars that are the foundations of education - learning to be, 
learning to know, learning to do and learning to live together...” (Delors, 1996), as provided in Report of 
U.N.E.S.C.O. Commission in 1996.     
    In Knowledge Society promoted in European Union, “Taking European Knowledge Society Seriously” (European 
Commission, 2007), it is necessary to assess the role of new information and communication technologies in the 
potentiation of the didactical methodologies at biological disciplines, to increase the level of competences of 
pupils/students. The information and communication techniques are contemporary and have attracted interest to both 
for their application, but and interest of research of their, including the application of the research in didactics, as in 
the teaching of biological sciences. Thus, my scientific research has taken place over several years of research in 
teaching, from 2006 to the present time and will possibly develop in the future. For example, between 2009-2010, in 
the scientific research “The Methodology of implementation of European key competences in the curriculum 
applied at biological disciplines” as an associate researcher at the Institute of Education Sciences of Bucharest, we 
have found correlative approaches between European key competences in science and technologies applied in 
biology and areas of key skills in the use of new information and new communication technologies. 
    The purpose of this research is assessing the role of new I.C.T. in the study of biological disciplines, based on 
functions and their modalities of application, finding of advantages and of disadvantages and limits of using I.C.T., 
electronic learning at biological disciplines as well as solutions to overcome them, so as to achieve the potentiation 
of the didactical methodologies applied in the study of biological disciplines. 
2. Paper theoretical foundation and related literature 
   “Various forms of knowledge and culture always enter into the building of any society, including those strongly 
influenced by scientific progress and modern technology. It would be inadmissible to envisage the information and 
communication revolution leading-through a narrow, fatalistic technological determinism-to a single possible form 
of society.”  (U.N.E.S.C.O., 2005). In the Knowledge Society the process of communication is also changing. “This 
is due to the fact that, the communication is based on digitized, cross-linked interaction and binary communication.  
In addition, it focuses on the Internet and networks, for that it is still spontaneous, unorganized and diversified in 
terms of objectives and membership.” (Castells, 2007). Informatics represents the totality of techniques with which 
are tight, is recorded, selected and modified various informations automatically and in a very short time. In 1981, the 
International Business Machines (I.B.M.) Corporation created Personal Computer (P.C.), the first mass produced 
microcomputer. Computers work with programs (software) that constitute their active intelligence. Text editing 
programs are used to write and correct the texts. Due to the graphics programs it's possible to draw on the screen, to 
put photos and texts on the page, to retouch images and so on. “In the field of communication, the combinations of 
techniques date back to the early stages of these instrument...but the links between telecommunications and data will 
appear since the birth of computer science.” (Flichy, 1999). The invention of computer-specific devices in 
informatics is very important for present and future of process educational, being a means of modern education, 
effective in organization of teaching, the computer-assisted instruction (C.A.I.) being a method of streamlining of 
the learning and teaching at numerous educational disciplines including at Biology. But an important role in the 
application of information and communication techniques it have teachers who should have the necessary skills in 
this area. “…the general lack of computer skills of teachers is the single largest barrier to the spread of ICT-based 
learning in schools...In universities, many, if not most, teachers and administrators do have these skills, and, as a 
result we do find that teaching, research and administration have been much more generally affected by the 
information revolution than primary and secondary schools.” (Carnoy, 2005). Computer-assisted instruction or 
insertion technology “is a teaching method that leverages the principles of modeling and analysis of cyber training 
activity in the use of information and communication technologies characteristic for contemporary society.” 
1500   Mariana Iancu /  Procedia - Social and Behavioral Sciences  180 ( 2015 )  1498 – 1506 
(Adăscăliţei, 2007). Cybernetics studies information under three aspects: syntax, as a way of representing the 
numbers, sizes, sounds, images and so on; semantic, in terms of meaning for the one who receives; pragmatic, i.e. in 
terms of usefulness. The cybernetic system is a system with feedback and control, representing self-monitoring and 
self-regulation. 
    “There are a various teaching experiences which use hardware (computer) as technical support and software-as 
informational support.” (Cerghit, 2006). “H.S.E.A.” application signifies high school educational assistance, which 
is a special program approved by the Ministry of Education of Romania and which is conducted by interactive 
lessons in high school, from different disciplines of education achieved by electronic communication, by computer. 
“When, during the lessons “H.S.E.A.” are used computers, servers, software, other technology of information and 
communication devices, but is using and a set of teaching methods, such as the independent and systematic 
observation, the experiment, the simulation, the demonstration, the modeling and so on, then we can talk  about the 
computerized strategy in achieving of lesson / course.” (Ciobanu, 2008). 
3. Methodology 
    The research methods used are data collection methods and data processing methods. The most important data 
collection methods: the study of speciality bibliography, the teaching experiment, the pedagogical observation, the 
testing method, the discussions. The methods of research have been implemented in many years, including in 2013 
and 2014, being implemented by the Specialized Department with Psychopedagogical Profile of Bioterra University 
of Bucharest. The didactic material was represented by the didactical research laboratory of the Department of 
Specialized with Psychopedagogical Profile from the Bioterra University of Bucharest and the Laboratory of 
Informatics “H.S.E.A.” from the “Ion Luca (I. L.) Caragiale” National College of Bucharest. 
4. Results 
4.1. Functions in applying C.A.I. 
    In 2013-2014, at “I. L. Caragiale’’ National College of Bucharest, through applied of  I.C.T.,  the average of the 
first summative assessment is higher than the average of initial evaluation, increasing from 9.18 to 9.48, at class XII 










Fig. 1. Histogram of the results obtained for the initial assessment and summative assessment test 1, after teaching and learning of the content 
“Nucleic acids’’ by applying I.C.T. at XII B and C classes on “Ion Luca Caragiale’’ National College of Bucharest 
    Research results have shown that in the educational process at Biology the computer together with the educational 
software can fulfill the following functions in applying C.A.I.:  
x presentation of  new scientific content;  
x conduct rigorous assimilation of content transmitted through programming techniques;  
x simulation of processes, phenomena, complex laws in Biology;  
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x demonstration of images of biological systems (plants, animals) in their environment that can not be presented to 
pupils / students in class / lecture hall, laboratory, nor in the environment near the school;  
x practice didactic games that requires thinking, observation, attention, creativity pupils / students; 
x constitute the major, accessible, flexible databases, which  stimulate the  scientific curiosity; 
x evaluator of pupils’/ students’ cognitive acquisitions, using many and varied assessment tools; 
x provide feed-back while training pupils / students, indicating the immediate results, which are reported and all 
potential errors will be corrected, thus, strengthening the data reception, stimulating the learning, self-evaluation 
and capacity for self-regulation of learning; 
x ensure individualization of learning, according to the needs and possibilities of pupils / students; 
x carrying out practical activities such as those for creating models, drawing of biological systems, different levels 
of integration and organization of living matter; 
x providing an interactive environment, facilitating a type of machine-student conversation,  E.B.S.; 
x support extracurricular activities, such as creating PowerPoint presentations  at scientific meetings. 
4.2. Advantages and limitations / disadvantages of using C.A.I. 
    The new information is combined with previously assimilated information for a heuristic learning, contributing to 
cognitive achievement, which is one of the advantages of using C.A.I. (Table 1.). 
Table 1. Advantages and limitations / disadvantages of using C.A.I. 
No.  Advantages of using C.A.I. Limitations /disadvantages of using C.A.I. 
1. contributes to cognitive and affective objectives; Does not work in psychomotor objectives;  
2. simulation of processes, phenomena, laws can not be 
emphasized and observed in the laboratory or in the natural 
environment near the school / faculty processes; 
for phenomena, laws can be demonstrated in the laboratory or 
in the natural environment near the school / college 
experiences, experiments, practical works have their 
educational value (i.e. does not create atmosphere of research 
in laboratory  or in field); 
3. establishes new relationships with physical-keyboard and 
computer monitor; 
physical isolation by peers, teachers, dehumanization of the 
educational process; 
4. will expand more verbal communication, even with pupils / 
students from other countries of the world;  
are very much reduced the paraverbal communication and  
eliminated the nonverbal behavior; 
5. it is economical temporal; financially it is costly; 
6. individualized instruction is achieved; require computer training in language assimilation for many 
individuals; 
7. the E.B.S. is applied;  it requires networked computers; 
8. allows the efficient application of programmed instruction; - 
9. allows pupils / students a  scheduled training;  - 
10. contributes to self-evaluation of pupils / students, the 
examination of pupils / students; 
- 
11. supporting educational research; - 
12. computer presentation; support for the development and 
presentation of scientific papers for extracurricular activities, 
such as scientific events (PowerPoint presentation). 
- 
4.3. The Electronic brainstorming: conditions, advantages and disadvantages 
The Electronic brainstorming is made up of an assault of ideas during a/some electronic groups, the members are 
not bound together by a physical contact, but by-an electronic network, they have the possibility to remain 
anonymous.  
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Conditions provided for electronic brainstorming: 
x schools equipped  with electronic computers; 
x training teachers in computer, Internet activity; 
x connecting  the school to the Internet, which is increasingly developing  in our country; 
x the possibility of curricular offer to each school, with the possibility of training pupils / students to use computers 
in the school curriculum so that pupils / students can use electronic brainstorming. 
Advantages of using the electronic brainstorming are: 
x the groups of pupils / students participating in brainstorming can be extended further; 
x the tendency to avoid effort by group members is significantly reduced; largely avoiding “social truancy” 
described by Gary Jhons (2001); 
x increases  the objectivity of the members of the intervention brainstorming group, being  just a verbal 
communication, nonverbal and paraverbal are missing; 
x a familiar, uninhibited environment is established.  
As disadvantages of using the electronic brainstorming there can be mentioned: 
x pupils/students may not fulfill the duty of participation, structuring ideas can be superficial; 
x physical isolation can inhibit the feeling of belonging to the group and real activity; 
x can not achieve a feed-back and prompt adjustment of the educational process; 
x such educational interaction is not possible, at present, in many educational institutions. 
4.4. The computer allows the efficient application of programmed instruction.  
In programmed instruction the material to be learned is presented as a program or programs at its base sitting a 
set of principles such as the principle of self-regulation of the educational process with feedback's, the principle of 
small steps and of gradual progress in structuring information; principle continuous flow of information, the 
principle of active participation, the principle of own pace of study, the principle of management of the educational 
process by switching to the next unit of work only if the previous one was definitely acquired etc. This method can 
be effectively correlated with C.A.I. 
Thus, at the lesson “Mitotic cycle” in “Structural and functional unit of life - cell”, at ninth grade, biological 
concepts to be learned by students are: cell cycle, mitotic cycle, interphase, cell division, mitosis, cariochineza, 
citochineza, prophase, prometaphase, metaphase, anaphase, telophase. The conceptualization of these notions which 
will be described briefly below, is done by a modern logocentrically model, in which science is presented as a 
finished product as in the logocentrically traditional mode, yet the modern means used, i.e. computer, electronic 
programmed instruction sheets intercede the students’study, the effort to which they are subjected is much increased 
compared to the traditional model and the effectiveness of the training as well. Programmed instruction sheets are 
used on linear programming, written by computer and possibly copied Compact Discs (CDs). They contain 
information units-explanations, applications, assessment items, answers to these following names: I. “Eukaryotic 
cell-components, fundamental processes”; II. “Cell cycle-concept and interphase”; III. “Prophase”; IV. 
“Prometaphase and metaphase”; V. “Anaphase and telophase”; VI. “Cariochineza and citochineza”. 
Along with the information there are presented drawings of a eukaryotic cell, the chromosome, cell cycle 
diagram, picture prophase, prometaphase and metaphase, applications-the modeling of these phases with the above 
mentioned materials, anaphase and telophase images, applications-modeling these phases, cytokinesis drawings of 
various types of eukaryotic cells. Basically, the teacher's role is diminished in this lesson, it resumes to the design 
and distribution of materials, the indications for the use of the educational means scheduled for the lesson, to correct 
possible mistakes which will appear in the students’s work, help the students who need it, to conduct the lesson 
scheme, a large part of his role being taken over by the computer and CDs for programmed instruction sheets. 
4.5. Computer based presentation 
One of the ways of applying the techniques of information from biological disciplines is also the computer based 
presentation,  which presents multiple advantages: it can be done quickly, can be easily structured, distributed 
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material appearance is the same as the material on the screen, which gives the entire business a professional 
character, images displayed can be printed on sheets of paper that help verifying, correcting and training of scientific 
topics, but can be distributed to the participants, presentation can be saved on a data storage device (stick) and can 
be reused and improved, are cheaper. The only drawback remains the problem of transporting the computer at 
presentation. Computer based presentation is realized for: exposing key problems of biology, scientific controversies 
in the field, various simulations, display graphs and tables, displaying photos, illustrations and diagrams 
presentation, the conduct of videos, educational films, achieving feed-back. The specialized software allow writing a 
presentation in a word processor, then choosing a suitable pattern slide, background and literary styles to suit, and 
finally merge text and format of choice. For as presentation to be visible to the audience, other devices should be 
used to be connected to the computer, such as projector or interactive tablet.  
Among the most important software presentations there are: Microsoft PowerPoint, Lotus Freelance Graphics 
Presentation and Corel. The graphical presentation PowerPoint is part of the set of Microsoft Office and has the 
following advantages: it has the same type of interface with other Office applications, enables the integration of 
information into a presentation created with Word or Excel. The application works with many entities, such as 
Presentation a set of sheets for presentation, Slide (sheet presentation) display unit, which organizes information in 
several formats, such as title, bulleted list, the columns of text table, text and graphic, text and image; master slide 
(sheet-based presentation of the basic structure that determines the appearance of the presentation); the presentation 
plan (outline) contains abstract presentation consists of sheets and lists of titles marked. 
PowerPoint leads to the following activities in biological disciplines: preparing of notes for presentations and 
speeches, creating slides, adding and processing of material existing text, drawing, moving, sizing objects, special 
effects and graphics added to the slides. Teaching PowerPoint application in biological sciences offers three options: 
presentation composed of electronic pages, performed using a computer or a liquid crystal panel, using overhead 
sheets, using slides. The most attractive is the electronic submission, which allows the use of special effects such as 
transitions from one page to another, the text that appears in other directions, the animation.  
5. Discussions 
    In presenting the information content of educational software in biology lessons, courses at biological disciplines, 
in Didactic of Biological Sciences, it must be divided into double sized sequences: informational and temporal. “A 
sequence should include information in an amount which can be received, taking into account the complexity and  
curiosity wich it might arise, the comprehension ability, the possibility of processing cognitive information, the level 
of the previous cognitive accumulations, the receptivity to new, the particularities of age of the students with wich 
the teacher work.” (Ciobanu, 2009). It is absolutely necessary to check the information which will be presented with 
the computer, performing some updates, corrections, additions if necessary, and of course, if technically it's 
possible. The CDs with informational errors, with incorrect or incomplete drawings and diagrams not be used, if 
may not be removed the disfunctions. However, if these disfunctions of CDs have certain sequences of scientific 
interest, the teacher will specify what is not correct, using other teaching materials (atlases, magazines, drawings, 
casts, natural biological or canned material, and so on) to be a source of accurate information. At the same time, it 
stimulates at the pupils/students the analytical ability, interest for documentation, the rhetoric about the accuracy and 
truthfulness of information sources. Temporally, the informational content is fragmented into units of various 
lengths depending on the amount and complexity of the information. 
To optimize learning, the programs of instruction contain between animation sequences of instruction but and in 
themselves the so-called “stimuli”-indications, appreciations, orientations, encouragements and so on. These 
“stimuli” can have the role of workloads, of stimulation of motivation of instruction, of imagination, creativity, 
centering of attention, stimulate of the association of informations, the activation of the pupils/students, adjustment 
of their activity, testing of memory and so on.  
In order to prevent dehumanization of didactic act, in order stimulate the communication of the pupils / students, 
it is necessary to organize sociocentrice activities. Also, is need to alternate the activities of instruction with the 
computer with others activities, whereby applied the specific techniques of the study at the various educational 
disciplines such as biology, natural sciences, etc. and to use the equipment, the instruments and utensils of the 
specific laboratory so that can achieve and psychomotor objectives of the current curricula.  
1504   Mariana Iancu /  Procedia - Social and Behavioral Sciences  180 ( 2015 )  1498 – 1506 
For example, students can achieve the learning through discovery of deoxyribonucleic acid (DNA)-the 
macromolecule of life-by combining the deductive learning by experiment with the discovery through learning by 
simulation and modeling electronic, multimedia-educational software, internet. Electronic learning  through 
discovery of primary structure of DNA through electronic whiteboard, laptop and projector is carried out starting 
with the designing of related information by teacher, during a frontal activity, being used an interactive presentation 
software of scientific informations. 
     “The advantages of using ths didactic means compared with use exclusively of computer, consist  in the 
possibility of writing or drawing on this board, with aid of the  set of  special pencils and making some annotations, 
comments, notes, even in the accessed document via markers, either by the teacher or by  the students.” (Petruţa, 
2009). 
The re-discovery process is facilitated by the electronic modeling and animated of  the four kinds of nucleosides, 
of the four types of nucleotides, with adenine, thymine, guanine, cytosine by using the instruction from display 
window, by an individual  effort of each student. The modeling with animation of a chain of nucleotides of DNA 
represent the modelation of the primary structure of DNA, the activity of the students, being also an individual 
activity. A learning  through discovery documented with aid the internet supported the learning of the secondary 
structure, the helical structure, double helix of the DNA, the replication of DNA by semiconservative model, being 
on the Wikipedia website such electronic modeling, some animated. 
Learning by analogy is carried out by students by making comparisons between analogue copying and digital of 
information (interactive object), the activity being individual. The individual digital copying by students of the 
genetic information with the aid of a complementary matrix is a copying with an interactive object. The DNA 
replication is studied by students based on the semiconservative model of synthesis of DNA, students acting 
electronic controls with related information from the educational software. The replication of a DNA fragment, an 
interactive object in the electronic communication is done by each student using the  mouse, and actioning over the 
command of initiation of  replication by semiconservative model, respectively, the dissolution of the two DNA 
strands, and then with the help of the mouse, will act upon the modeled nucleotide on the basis of complementary is 
synthesized new chain (next to the adenine nucleotide they will bring the thymine  nucleotide and viceversa, next to 
the guanine nucleotide from the main chain they will bring the cytosine  nucleotide and viceversa); the students’ 
activity is one  individual. 
“The correlative approach of the key competences in science and technology applied in Biology and of the key 
skills in the use of new informational and communication technologies is not only centripetal, from the new 
Information and Communication Technologies in Biology, but also spinning, from biology to new Information and 
Communication Technologies, as for example, the presentation of building and functionality of computer on the 
analogy with the composition and functioning of the brain or presenting DNA model (biochemical model), basis for 
a possible bio-molecular computer.” (Iancu, 2011). 
Another way to implement I.C.T. to biological disciplines is the use of the Internet. When computers are 
connected to each other, they are in the network, which allows a rapid exchange of services, information, regardless 
of distance. Internet consists of a set of networks, this is why it is also called “network of networks”. This network 
was first used by universities for exchange of information, the Web. World Wide Web (“global spider's web”), 
abbreviated Web is a “subnet” inside the Internet that allows easy movement and network facilitates during the 
search of information. Internet provides many services in the learning process of biological disciplines, including: 
x bibliographic documentation using foreign specialized sources, as well as Romanian sources, the risk being that 
some sources are not scientifically authorized,  they are not pedagogical and have scientific errors;  
x the teacher should check, pedagogically correct the sources used by pupils/students and make their corection for 
scientific rigor, intellectual education with the purpose of efficiently using the Internet; 
x teaching simulator of scientific content; 
x communicating with professional and scientific partners from other countries for educational projects for 
scientific, educational research by mail or e-mail, with which it quickly convey a message to another subscriber 
to the Internet, anywhere in the world; 
x participation in professional scientific forums organized on a biology website, where you can discuss a topic with 
Internet users worldwide; 
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x video conferencing, video symposia, video sesions of scientific  communication in biology field. 
     New technologies are a perspective in teaching of biological sciences. The new multi-media technology 
transforms the way of communication between human beings, among others, they simplifying and improving the 
relationship between people and machines. Researchers have elaborate the new communication technologies in a bid 
to enhance multi-media tools that are used by more people. The research aimed to achieve the miniaturization, the 
simplify of the use and and mobility of these technologies. Some researchers are trying to accomplish programs that 
allow computer control using thought. The transmission of digitized information can also pass directly from one 
human body to another human body, by simple contact. “Computer and Internet in education remains undoubtedly a 
privileged research and pedagogical innovation, long time from now.” (Cerghit, 2002). 
6. Conclusions 
    The research objectives of assessing the role of new Information and Communication Technologies (I.C.T.) in the 
potentiation of the didactical methodologies applied in the study of biological disciplines have been met, the 
functions and ways of applying the techniques of information at biological disciplines were identified, such as 
computer simulations and electronic modeling, computerized presentations, use of the Internet, the whole range of 
multimedia techniques.  
    As the most important functions of the application of information technology to biological disciplines one can 
mention: transmitter of new scientifical content of biology, simulation of processes, phenomena, complex biological 
laws, demonstration of images of biological systems (plants, animals) in their environment of life that can not be 
presented to pupils / students in class / lecture hall, laboratory, nor in the environment from near the educational 
institution, providing the feedback in training of pupils / students, indicating immediate results, being reported and 
correct mistakes occurred, strengthening the reception of data, stimulating the learning, self-evaluation and capacity 
for self-regulation of learning, carrying out practical activities such as those for creating models, drawing of 
biological systems, different levels of integration and organization of living matter. It also supports extracurricular 
activities, such as realization and power point presentation of papers at scientific meetings. 
    There have been found a number of advantages and limitations / disadvantages of using information and 
communication techniques applied in teaching biological sciences and some efficiency solutions in the technical 
application in teaching science. Thus, the advantages can be mentioned: it contributes to the cognitive and affective 
objectives of learning biologically, verbal communication can extend even to the pupils / students from other 
countries of the world, contribute to self-evaluation of pupils / students, to examine the pupils / students; are 
economical time.  
Among the limitations / disadvantages of using C.A.I. there have been found in biological education: it does not 
work in specific psychomotor objectives of biology, the physical isolation of colleagues, teachers,  the 
dehumanization of the educational process, is reduced enormously the paraverbal communication and nonverbal  
behavior is eliminated.  
To overcome these drawbacks there have been developed methodological suggestions, such as: sociocentrice 
activities organized to stimulate communication between pupils / students; the alternation the training activities by 
computer with others activities through specific techniques to apply the study of various biological disciplines, using 
equipment, ustensils and instruments specific laboratory so that it can be done and psychomotor objectives set by the 
school and universitary biology programs. It is recommended correlative approach between European key 
competences from the areas “Science and technology” applied in Biology and European key competences from the 
areas “The competences in use of new information and communication technologies”. 
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